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. Theoretical simulation of the optical intensities below a single nanoparticle without TiO 2 substrates. Figure S1 . Theoretical simulation of the optical intensities below a single nanoparticle without TiO 2 substrates. The inset is the side view of the electrical field distribution surrounding individual NPs achieved by two-dimensional finitedifference time-domain (FDTD) calculation. Compared with the system with TiO 2 substrates (Figure 1b ), the lower and symmetric energy intensity for the individual nanoparticle system was obtained, indicating that substrate-induced plasmonic hybridization plays the key role in the interfacial energy enhancement for the system with TiO 2 substrates.
With graphene Without graphene
Enhancement (E 2 ) Distance (nm) Figure S2 . Effect of graphene on the interfacial energy enhancement. The curves show the interfacial energy intensity enhancements at the TiO 2 surface for the systems with and without graphene, respectively. The left inset is the side view of the electrical field distribution of metal nanoparticle/TiO 2 system, which has the same parameters as the nanoparticle/TiO 2 system with graphene. The systems were calculated by two-dimensional FDTD methods. By comparing the interfacial energy intensities of the systems with and without graphene, it can be observed that the presence of graphene not only has little effect on the energy intensity below graphene, which is due to the electromagnetic field transparency of the graphene at the visible light spectrum, [S1] but also slightly improved the interfacial energy intensity due to the involvement of intrinsic graphene plasmonics and/or the NP/SLG interfacial potential. . Air stability of Ag and Ag/Au alloy nanoparticles. These figures show the absorbance of pure Ag nanoparticles (a), which were obtained by annealing 8nm thick Ag thin films, and Ag/Au alloy nanoparticles (b), which were obtained by annealing 8-nm thick Ag/Au alloy thin films (Ag/Au = 2:1), upon exposure to the air at room temperature for different times. For pure Ag nanoparticles, the localized SPR absorbance peak at about 420 nm showed a blue shift with the gradual peak intensity decrease, which should be ascribed to the oxidation of Ag in the air. [S2] Furthermore, from the HRTEM image of Ag nanoparticles after exposure to air for 120 days, the obvious surface oxidation of Ag nanoparticles was observed ( Figure S6a inset) . However, addition of Au atoms slowed down the Ag oxidation ( Figure S6b , Ag/Au = 2:1). With the increase of Au ration up to 1:1 (Figure 2e ), the existed Au atoms can effectively protect the oxidation of Ag so that Ag/Au alloy nanoparticles showed good air stability. Figure S7 . Raman spectra of pure graphene and the graphene assembled with Ag/Au nanoparticles. For the Raman spectrum of pure graphene (black line), narrow single symmetric 2D peak (~2694 cm −1 ), small G/2D ratio, and negligible D peak indicate that the graphene is single-layered and of high quality. [S3] For the Raman spectrum of graphene assembled with Ag/Au nanoparticles, only a little D peak (~1353 cm −1 ) can be observed, which indicates little destruction of graphene during Ag/Au nanoparticle formation. In addition, the Raman intensity of the graphene after nanoparticle assembly is much higher than that of pure graphene, which manifests that metal nanoparticles can enhance the energy intensity nearby the graphene layer. Jsc is the short-circuit current;
Voc is the open-circuit voltage; FF is the fill factor. SLG is the control photovoltaic device without metal nanoparticles; Au is the device with pure Au nanoparticles; Ag is the device with pure Ag nanoparticles; Ag/Au is the device with Ag/Au nanoparticles (Ag:Au = 1:1). The performances of photovoltaic devices were measured under 100 mW cm -2 visible light irradiation with a UV light filter (420 nm cut-off wavelength). Compared with the control device, the performance of the device with Au nanoparticles has little enhancement, which is because that the SPR absorbance peak of Au nanoparticles does not match the optical absorption spectrum of Z907. For Ag and Ag/Au systems, they have similar enhanced performances. However, due to the stability of Ag/Au nanoparticles, Ag/Au nanoparticles are more suitable as plasmonic antenna than Ag nanoparticles in our interfacial plasmon enhanced system. Figure a is the statistic average particle diameters and Figure b is the particle densities of Ag/Au nanoparticles, which were obtained by annealing homogenous Ag/Au (1:1) alloy thin films with different thicknesses. The error bar of average particle diameters is defined by the standard deviation over 3 trails. As shown in this figure, the particle densities are decreased with the increase of the original thickness of Ag/Au alloy thin films, which leads to the increased spacings between nanoparticles; in contrast, the average diameters of the nanoparticles increase with the increased original film thicknesses. Therefore, by modulating the original thickness of thin films before annealing, particle spacings and particle diameters of the nanoparticles can be effectively controlled. Figure S12 . Optical properties of Ag/Au nanoparticles with different sizes. This figure shows the absorbance spectra of Ag/Au nanoparticles assembled on graphene with a PMMA protective layer, which were prepared by annealing homogenous Ag/Au (1:1) alloy thin films with different thicknesses. With the increase of the original thicknesses of Ag/Au alloy thin films, the SPR absorbance of Ag/Au nanoparticles increased and the position of the SPR absorbance peak had a small red shift from 521 nm to 573 nm, which also indicates the increased particle diameter of the nanoparticles. [S4] Figure 5a under 100 mW cm -2 broadband visible light (> 420 nm) illumination. We found that when the thickness increased, the photocurrents gradually increased and then declined with a maximal value at 8 nm thickness. The detailed parameters (J sc , V oc , and FF) of all the devices are summarized in Table S2 below. 
